The role of calcium in UVB-induced damage in irradiated ocular lenses.
The purpose of this study was to evaluate the role of altered calcium homeostasis in the development of irreversible membrane damage in the UVB-irradiated ocular lens. In particular, experiments were designed to determine whether restricting calcium influx could prevent membrane damage that typically leads to ion imbalances and lens opacification following short-term exposure to ultraviolet light (UVB). The influx of calcium was reduced by culturing lenses in a low-calcium culture medium containing 0.3 mM Ca2+ rather than physiological concentrations of 1.6 mM. This low-calcium protocol retarded calcium accumulation in UVB-irradiated lenses for 2 days of culture, and opacification was delayed by 24 h. Loss of transparency did occur during the second day of culture, but more slowly than in irradiated lenses cultured in normal-calcium medium. Membrane damage was assessed by evaluating loss in cation transport activity, assessed by measuring 86Rb uptake into cultured lenses. Uptake was markedly inhibited in UVB-irradiated lenses and low-calcium culture did not prevent this inhibition of cation transport, a finding that explains why low-calcium protocol did not help maintain sodium homeostasis in irradiated lenses. Inhibition of cation transport and sodium accumulation eventually caused lens hydration and light scattering during extended culture in the absence of significant calcium elevation. Additional experiments were done to establish whether initial damage sustained by membranes could be repaired through the biosynthesis of new membrane proteins. Incorporation of 14C-histidine in membranes of the UVB-exposed lens was measured to assess membrane synthesis essential for repairing membrane damage. The rate of membrane protein synthesis, assessed by measuring incorporation of labeled amino acids, declined in UVB cataract, despite the prevention of calcium accumulation. These results suggest that one explanation for irreversible gain in sodium and calcium content accompanying opacification is the inability of lenses to replenish damaged membrane proteins comprising ion channels or transporters.